To assess the potential demographic consequences of alternative juvenile foraging strategies in loggerhead sea turtles Caretta caretta, we compared habitat selection, movement, size frequency, and diet of juvenile loggerheads in neritic versus oceanic habitats of the North Pacific. Forty juveniles satellite-tracked from neritic habitat revealed utilization distributions 2 orders of magnitude smaller than those of 26 juveniles of the same size class tracked for similar durations from oceanic habitat. Oceanic juveniles traveled significantly further, faster and straighter, experienced lower sea surface temperature and productivity, and consumed prey of much lower energy density, strongly suggesting that the neritic foraging strategy is energetically favorable. These findings combined with those from other studies suggest that the neritic strategy would result in higher growth and eventually higher fecundity. Manipulation of a loggerhead demographic model indicated that small disadvantages in survivorship for neritic juveniles could balance the relatively large advantages in growth and fecundity of the neritic strategy. The oceanic strategy may persist as a slower but safer life history strategy. Our findings underscore the importance of elucidating variation in the ecology and corresponding vital rates of juveniles for modeling, managing, and conserving migratory megafaunal populations.
INTRODUCTION
Marine megafauna such as cetaceans, sea birds, sharks, and sea turtles are especially vulnerable to depletion as a result of their slow life histories (Heppell et al. 1999 , Baum et al. 2003 . Because they are longlived, slow-growing, and late to reproduce, their population dynamics are particularly sensitive to changes in growth and mortality of older juveniles and adults , Crouse 1999 , Heppell et al. 1999 . Despite the demographic importance of large juve-niles, their ecology and life history remain poorly understood for large, migratory, marine vertebrates.
Delayed maturity, high mobility, and freedom from having to return to a central location to reproduce enable juvenile megafauna to choose among oceanwide habitats and foraging strategies. Because prey availability, predation risk, and other factors often vary between habitats, differential habitat use and corresponding foraging strategies may result in differential growth, survival, and ultimately fecundity among individuals of the same species or population (Skulason & Smith 1995 , Bolnick et al. 2003 . Variation in the foraging strategies of juveniles and their resulting vital rates could have profound implications for the demography and conservation of migratory megafauna.
Loggerhead turtles Caretta caretta exhibit several life history patterns that make them useful subjects for examining the effects of alternative foraging strategies. During their long juvenile life stage, which lasts upwards of 3 decades (Snover 2002 , Heppell et al. 2003 , these individuals are opportunistically omnivorous and capable of transoceanic movements. They have no parental care or social structure and they are not tied to a central location for reproduction, enabling them to choose from an ocean-wide range of habitats (Bolten 2003) . As juveniles, loggerheads use both oceanic and neritic habitats (Pitman 1990 , Polovina et al. 2000 , Bolten 2003 , McClellan & Read 2007 .
In the Atlantic Ocean, Caretta caretta have long been thought to undergo an ontogenetic habitat shift from oceanic to neritic habitats upon reaching a size threshold of ~48 cm (Carr 1987 , Bolten 2003 , though recent data support more flexibility in the large juvenile stage. Based on annual ring spacing in sectioned humeri, Snover (2002) found that large juvenile loggerheads in the Atlantic may experience as much as a 30% increase in growth rates after shifting from oceanic to neritic habitats, suggesting that foraging in neritic habitats is highly advantageous. This is presumably due to higher availability and quality of prey in neritic compared to oceanic habitats (Snover 2002) . As a result of this difference in growth rate, habitat choice may have important indirect effects on demographic rates. However, a growing body of evidence suggests that this ontogenetic shift may be facultative and reversible, and that some juveniles may remain in (or return to) oceanic habitats until reaching maturity, despite the potential growth advantages of neritic foraging (Polovina et al. 2006 , McClellan & Read 2007 , Mansfield et al. 2009 , McClellan et al. 2010 .
Nesting loggerheads tracked from Japanese and North Atlantic rookeries show within-population differences in habitat use that are distinct enough to be considered a trophic polymorphism (Hatase et al. 2002 , Hawkes et al. 2006 . In these populations, adult females that forage in productive neritic habitats are significantly larger than those foraging in oligotrophic oceanic habitats. Because growth in sea turtles is negligible once reproductive maturity is reached (Carr & Goodman 1970 , Broderick et al. 2003 , Limpus & Limpus 2003 , it is possible that individuals foraging in neritic habitats mature earlier and/or at larger sizes than those foraging in oceanic habitats (Hatase et al. 2002 , Hawkes et al. 2006 ). First-time neritic nesters were significantly larger than oceanic nesters at Yakushima Island, Japan, and a promising new aging tech-nique suggested they were of similar ages (Hatase et al 2010) . Though not yet tested empirically, a reasonable hypothesis is that larger, neritic-foraging nesters may have greater lifetime reproductive output because they mature earlier and fecundity increases with size in loggerheads (Frazer & Richardson 1986 , Tiwari & Bjorndal 2000 , Broderick et al. 2003 .
Juvenile loggerheads in the North Pacific leave their Japanese rookeries as hatchlings and are known to frequent 2 regions, the oceanic Central North Pacific (CNP) and neritic habitats of the Baja California Peninsula, Mexico (BCP). Because the oceanographic factors that produce prey in the 2 regions are different (Espinosa-Carreon et al. 2004 , Legaard & Thomas 2006 , Palacios et al. 2006 , Polovina et al. 2006 , patterns of prey abundance and quality also differ between these regions. In the CNP, juvenile loggerheads feed opportunistically on patchily distributed epipelagic prey (Parker et al. 2005) , and they move thousands of km each year tracking these prey through fronts and eddies in relatively cold water (Polovina et al. 2000 , Howell et al. 2008 . At the BCP, juvenile loggerheads frequent a coastal high-use area , and they feed primarily on pelagic red crabs Pleuroncodes planipes (Ramirez-Cruz et al. 1991 .
Given the probable advantages of neritic foraging in terms of both juvenile growth and adult fecundity (Hatase et al. 2002 , Snover 2002 , Hawkes et al. 2006 , alternative foraging strategies between juvenile loggerheads in the North Pacific could convey large differences in fitness. In the present study, we evaluate this general hypothesis by directly comparing the diet, movement, habitat use, and size frequency of juvenile loggerheads between neritic BCP and oceanic CNP habitats, representing the first comparison of juvenile sea turtle ecology between oceanic and neritic habitats. Based on these results, we then used an existing loggerhead demographic model to explore how these alternative juvenile strategies might differ in their contributions to population growth.
MATERIALS AND METHODS
Satellite telemetry. The movements of loggerhead turtles were monitored using satellite transmitters deployed on 63 individuals. In the CNP, observers on Hawaii-based longline fishing vessels attached Argos satellite-linked transmitters to 23 loggerhead turtles taken as bycatch from 1997 to 2001. At the BCP, a total of 40 loggerheads were either captured by hand from small fishing boats (38 individuals) or retrieved living from bottom-set longlines (2 individuals), instrumented, and released as above from 1996 to 2007. Satellite transmitters were attached to turtle carapaces using polyester resin and fiberglass cloth (Balazs et al. 1996) and monitored via the Argos satellite system. Portions of this loggerhead satellite telemetry dataset have been used to examine distributional relationships with oceanographic fronts (Polovina et al. 2000) , diving behavior (Polovina et al. 2003) , and foraging behavior (Polovina et al. 2004) , and to characterize high-use areas (Polovina et al. 2006 , bycatch rates , and pelagic habitat use ). Here we present 14 new tracks in addition to tracks previously reported from the BCP (Nichols et al. 2000; ).
Movement analysis. Raw Argos-derived positions from all tracks were filtered based on a maximum rate of travel of 5 km h -1 . In order to obtain data that were equally spaced temporally, we interpolated consecutive ARGOS hits every 12 h following the methods of Tremblay et al. (2006) . We determined multiindividual utilization distributions (UDs) with a Gaussian kernel density analysis of the positions from tracks from each habitat. From the combined dataset of all interpolated positions, an index of turtle residence probability per unit area was derived as follows: (1) the number of locations per 5 km 2 cell was calculated and (2) each of these totals was weighted by multiplying it by the number of individual turtles using that cell. In this way, cells frequented by more individuals for extended periods of time were given more importance, thus emphasizing multi-individual high-use areas. Contours representing various proportions of the whole probability surface were computed. The total area within each contour was then calculated.
Habitat use metrics were calculated by region as the mean of mean values for each track analyzed. Displacement was calculated as the straight line distance between release and furthest recorded locations. Straightness Index (SI) was calculated as the ratio of the straight line distance between the release location and last transmitted location over the total distance traveled between filtered points with a range of 0 (tortuous) to 1 (straight) (Batschelet 1981) . All calculations took into account the curvature of the earth's surface. Sea surface temperature (SST) data from the NOAA/ NASA Advanced Very High Resolution Radiometer (AVHRR) Pathfinder product were merged at 0.05 degree, 8 d resolution to the satellite track data to calculate mean SST experienced by each turtle (www. nodc.noaa.gov/sog). Ocean surface chlorophyll a (chl a) pigment concentrations from the Sea-viewing Wide Field-of-view Sensor (SeaWiFS) were also merged at 0.1 degree, 8 d resolution with the satellite track data to calculate mean chl a concentrations experienced by each turtle (http://oceancolor.gsfc.nasa. gov/SeaWiFS). Individual turtle track durations, dis-placement from release location, average speed, and straightness of tracks were compared between habitats using independent t-tests (SYSTAT 2007) .
Diet. During the course of standardized stranding surveys conducted from 2003 to 2007 along the 44.3 km Playa San Lázaro, Baja California Sur (Peckham et al. 2008) , 88 loggerhead stomachs were collected for diet analysis. Stomachs were removed from the stranded turtles, transported to a field facility, and frozen as soon after collection as possible. Gross observations of stomach contents were made, and all contents including both hard and soft parts were sorted to the lowest identifiable taxon. Frequency of occurrence of major components was calculated by dividing the number of stomachs in which the prey item occurred by the total number of turtle stomachs examined. Stomach contents of turtles from the BCP were compared with those reported from juvenile turtles of the CNP, which were processed in the same way (Parker et al. 2005 ). Morisita's index was used to evaluate the similarity of observed diets from the 2 regions on a scale from 0 (no overlap) to 1 (complete overlap) (Horn 1966) .
Relative energetics and habitat quality of alternative foraging strategies. To compare relative diet quality and energetic costs between habitats, we compared the movement rates of turtles, mean energy density of prey, and SST and chl a concentrations experienced by turtles in the 2 habitats. Dry weight energy densities (kJ g -1 ) were obtained from the literature for each species encountered or for the closest taxonomic order available. The mean value of the energy densities of all diet items present in more than 15% of stomachs was calculated as a measure of the relative energy quality of diets between regions. As ectotherms, the metabolic rate of loggerheads is strongly influenced by water temperature. Thus, we compared satellite-derived SST experienced by turtles as an index of thermal energetic costs between habitats. As proxies for primary production and, indirectly, prey abundance, we also compared satellite-derived chl a concentrations between the 2 habitats. Relative rates of primary production are well correlated with secondary productivity (Smith et al. 1986 , Polovina et al. 2006 , Gremillet et al. 2008 . Chl a concentrations and SST experienced by each turtle were compared between habitats using independent t-tests (SYSTAT 2007) . A Satterthwaite adjustment was used to address the large difference in variance in chl a concentrations between CNP oceanic and BCP neritic habitats. All averages are reported as mean ± SD.
Size distributions. Length frequency distributions were compared between turtles tracked from the CNP and BCP habitats in order to ascertain whether the observed difference in foraging strategy between regions was related to turtle size. Lengths reported as straight carapace length (SCL) were converted to curved carapace length (CCL) following the regression derived in Peckham et al. (2008; N = 163 , r 2 = 0.93, p < 0.001):
Demographic analyses. To explore the possibility that variation in growth rate between juvenile strategies could affect overall population dynamics, we manipulated the demographic model used to make the 2001 NMFS-SEFSC loggerhead stock assessment (NMFS-SEFSC 2001) . Because there is no specific parameter for growth rate in this stage-structured model, we lengthened the durations of the model's 2 'benthic juvenile' stages by 30%, simulating the potential decrease in growth rate expected for turtles that do not recruit to neritic habitats (Snover 2002) in order to determine the resulting effect on lambda. To explore the possibility that reduced predation pressure may counteract the energetic disadvantages of oceanic foraging by juvenile turtles, we further manipulated the model to determine what proportional changes in survivorship would balance the decreased growth rates expected to result from juveniles remaining in oceanic habitats until reaching maturity. To do so we systematically changed the duration of the 2 'benthic juvenile' stages from 10 to 50% and calculated the corresponding change in survivorship of those stages required to maintain a constant value of lambda.
RESULTS
The UDs of turtles tracked from the BCP versus the CNP were widely divergent (Fig. 1 ). The number of days turtles were tracked from each region was not significantly different (t = 0.912, df = 61, p = 0.365). The 40 BCP juveniles spent the majority of the mean 144 ± 98 d they were tracked in a geographically limited area on the continental shelf in the Bight of Ulloa, while the 23 CNP turtles ranged around the Central North Pacific during the mean 123 ± 75 d they were tracked. BCP tracked turtles were marginally larger than CNP tracked turtles (71.4 ± 6.9 and 67.0 ± 11.2 cm, respectively; t = 1.951, df = 61, p < 0.056), but there was broad overlap in the length frequency of individuals tracked between regions (Table 1) .
The UDs of the 40 turtles satellite tracked from the BCP were 2 orders of magnitude smaller across all UD 1.0 ± 0.3 0.6-1.9 0.4 ± 0.1 0.1-0.9 0.000 Straightness Index (SI) 0.5 ± 0.2 0.1-0.9 0.1 ± 0.1 0.0-0.7 0.000 The most frequently occurring prey items in the stomachs of CNP turtles were pelagic gastropods: Janthina spp. (75% of stomachs) and Carinaria cithara (50%), and crustaceans that grow on loggerheads: hitchhiker crabs Planes spp. (56%) and goose barnacles Lepas spp. (52%). The pelagic gastropods were found in great quantities, but the crustaceans were found in very low quantities and so are unlikely to be important prey items for CNP turtles, although they were present in a large proportion of stomachs. Salps and scyphozoans occurred relatively frequently (21 and 25%, respectively). Similarity of prey species composition between the 2 regions was low (Morisita similarity index = 0.19).
Juveniles foraging in BCP neritic habitats most likely enjoy an energetic advantage over those foraging in the oceanic CNP habitat. As reported above, within the BCP neritic habitat, turtles moved significantly slower (Table 1 ). The diet items of neritic foragers had a mean energy density of 18.1 kJ g -1 , whereas the mean energy density of the diet items of oceanic foragers was 11.2 kJ g -1 (Table 2) . Mean water temperatures experienced by turtles foraging in the CNP oceanic habitat (19.7 ± 1.8°C) were significantly cooler than those experienced in BCP neritic habitats (24.0 ± 1.9°C; t = 8.884, df = 61, p < 0.000; Table 3 ). Mean of mean chl a concentrations experienced by turtles foraging in the CNP oceanic habitat (0.131 ± 0.038 mg m -3 ) were significantly lower than those experienced in BCP neritic habitats (0.828 ± 0.562 mg m -3 ; t = 7.81, df = 39.8, p < 0.000; Table 3 ). The variance in mean chl a concentrations experienced by BCP turtles (0.562) was an order of magnitude higher than that experienced by CNP turtles (0.038), but the minimum mean chl a concentration experienced by a BCP turtle (0.192 mg m -3 ) was greater than the maximum experienced by CNP turtles (0.188 mg m -3 ). Thus, all of the indices available in this study (prey quality, environmental productivity, movement, water temperature) suggest that BCP turtles enjoy a substantial energetic advantage (Table 3) . The length frequencies of loggerheads tracked from the CNP (N = 23; 67.0 ± 11.2 cm CCL) and the BCP (N = 40; 71.4 ± 6.9 cm CCL) were not significantly different, but power to detect a difference was low (0.454). The 23 turtles captured from 1997 to 2000 in the CNP habitat were larger on average (67.0 ± 11.2 cm CCL; Table 1 ) than 63 loggerheads measured at BCS in 1999 (62.0 ± 13.0 cm CCL), though not significantly so (t = -1.695, df = 84, p < 0.094) (Gardner & Nichols 2001) .
Manipulation of the 2001 NMFS-Southeast Fisheries Science Center loggerhead stock assessment model, based on parameters measured and estimated for the North Atlantic loggerhead population, suggest that differences in growth rates between the 2 juvenile strategies could impact lambda. When we lengthened the durations of the model's 2 'benthic juvenile' stages by 30% to simulate the potential decrease in growth rate for juveniles that forage in oceanic habitats relative to neritic habitats (Snover 2002) , the model produced a decrease in lambda from 0.973 to 0.958. With all other parameters held constant, the relationship between changes in survivorship required to maintain a constant value of lambda was linear (Fig. 4) ; relatively small changes in annual survivorship balanced larger changes in growth rate of larger juveniles. Specifically, based on our manipulation of the model the 30% increase in the durations of the 2 'benthic juvenile' stages expected for juveniles remaining in oceanic habitats would be counteracted in terms of lambda by a 1.85% increase in average survivorship.
DISCUSSION
Juvenile loggerhead turtles Caretta caretta of the North Pacific occur in one of at least 2 distinct habitats for extended periods, the oceanic waters of the Central North Pacific (CNP) and the neritic waters of the Baja California Peninsula (BCP). The biological oceanography of these 2 habitats differs fundamentally in terms of temperature, productivity, and current regimes as well as the variability of each of these factors. The CNP oceanic habitat is characterized by lower primary production (0.01 to 1.00 mg m -3 chl a), lower SST (5 to 26°C), and strong seasonal variability relative to the BCP habitat (Polovina et al. 2001 (Polovina et al. 2000 , 2001 ) and associated secondary productivity (Polovina et al. 2006) . Seasonally, the TZCF undergoes latitudinal shifts of ~1000 km (Polovina et al. 2001 (Polovina et al. , 2004 , forcing oceanic predators such as loggerhead turtles to undertake seasonal migrations in order to take advantage of TZCF productivity (Polovina et al. 2001 (Polovina et al. , 2004 . In addition, loggerheads must negotiate strong surface currents associated with the features such as the prevailing easterly geostrophic currents of 0.15 to 0.24 km h -1 (Polovina et al. 2004) .
In contrast, the BCP neritic habitat occupied by loggerheads is located at the southern end of the highly productive California Current and characterized by year-round coastal upwelling conditions with mesoscale eddies, and fronts with seasonally variable SSTs (15 to 26°C), and high chl a concentrations (0.2 to 19.0 mg m -3 ) (Espinosa-Carreon et al. 2004 , Legaard & Thomas 2006 , Gonzalez-Rodriguez 2008 . Generally, primary production in the region remains high relative to the rest of the Pacific Ocean, with chl a concentrations rarely dropping below 1.0 mg m -3 , and surface currents are weak and variable in direction (Espinosa-Carreon et al. 2004 , Legaard & Thomas 2006 , Gonzalez-Rodriguez 2008 . In summary, juveniles foraging at BCP neritic habitats probably enjoy an energetic advantage by moving less distance through water of metabolically more favorable temperature in which they consume higher quality, more abundant prey.
The aforementioned differences in the biological oceanography of the 2 habitats result in proximal differences in turtle movement and diet. While the number of locations as well as location accuracy can influence estimates of speed and home range in satellite tracking data (Bradshaw et al. 2007) , the difference in movement statistics between habitat type that we found was so large that it was certainly not an artifact. CNP turtles moved 2 orders of magnitude further and twice as fast in comparison with BCP loggerheads, presumably in order to track prey associated with the higher productivity of the TZCF and KEBR (Polovina et al. 2001 . Concentrations of chl a experienced by CNP turtles in this study were considerably higher than if they had remained in any one area of the CNP as small as that utilized by BCP turtles. In contrast, as a result of the higher overall primary productivity of the BCP neritic habitat, turtles foraging there experienced significantly higher concentrations of chl a while moving significantly less.
Divergence in the UDs of turtles tracked from the BCP versus the CNP most likely reflects fundamental differences in the distribution, abundance, and quality of prey between the 2 regions. The consistently higher primary productivity of the BCP neritic habitat likely translates into higher prey abundance for foraging loggerheads. Demersal fish and red crabs are abundant in the BCP neritic habitat, with red crabs present year-round at high densities (20 to 30 tons km -2 ) (Aurioles-Gamboa 1995). Furthermore, small-scale fisheries are ubiquitous at the BCP, offering loggerheads discarded fish in high abundance (Peckham et al. 2008) . In contrast, the TZCF habitat has lower primary production and productivity is generally patchy and ephemeral (Polovina et al. 2004 , Parker et al. 2005 .
The crustacean prey of BCP turtles is consistent with diet studies of loggerheads from other neritic habitats (Plotkin et al. 1993 , Limpus & Limpus 2003 . However, pelagic red crabs occurred at lower frequencies and fish occurred at higher frequencies compared with previous studies with considerably smaller sample sizes (Ramirez-Cruz et al. 1991 . Loggerheads are opportunistic, generalist foragers and are known to consume fish as fisheries discards and directly from fishing gear (Shoop & Ruckdeschel 1982 , Tomas et al. 2001 . The fish species retrieved from stomachs in this study were demersal predators of no commercial value that are frequently caught and discarded by local gillnetters (J. Lucero-Romero pers. comm.). We commonly observed carcasses of Prionotus spp., Diplectrum spp., and Synodus spp. floating in the BCP loggerhead high use area, and loggerheads were observed consuming these fish as both discards and directly from fishing gear (S. H. Peckham unpubl. data). Thus, our stomach content data and informal observations indicate that fisheries discards and bycatch form an important part of their diet at the BCP. It is likely that this behavior exposes BCP loggerheads to extremely high levels of incidental mortality in local small-scale fisheries.
Because quantitative diet data were not available, our assessment of the relative energy density between habitats was necessarily qualitative. Our approach probably overestimates the actual energy density for CNP oceanic foragers because high energy density items such as decapods, fish eggs, and cephalopods were found in low quantities, though present in 20 to 50% of stomachs (Parker et al. 2005 ). Furthermore, salps and scyphozoans (of relatively low energy density) are underestimated in loggerhead diet studies because they are digested quickly, leaving no identifiable remains (Plotkin et al. 1993 ). However, leatherback turtles Dermochelys coriacea and fish selectively feed on and may selectively assimilate gonads and other tissues, which are known to be of higher energy content than whole salps and scyphozoans (Kashkina 1987 , Davenport & Balazs 1991 , Doyle et al. 2007 . Loggerheads may also be capable of this selectivity with respect to salps and scyphozoans, and this would increase slightly the relative energy density on CNP loggerhead diet. Nonetheless, based on optimal foraging theory, by which predators should maximize their intake of high quality prey (Stephens & Krebs 1986) , the prevalence and diversity of low energetic quality prey in the diet of oceanic juveniles suggest that the higher quality prey consumed by neritic foragers are less accessible or nonexistent in the CNP oceanic habitat. However, BCP loggerheads likely incurred higher energetic costs associated with diving to acquire their neritic prey relative to CNP juveniles foraging on neustonic prey at the sea surface.
While CNP juvenile loggerheads had to travel greater distances and at higher speeds to fulfill their nutritional requirements, movements of oceanic species can also be influenced by current patterns (Gaspar et al. 2006 ). Overall geostrophic currents were similar in velocity between the 2 regions (0.0 to 0.7 km h -1 ) (Polovina et al. 2004 , Gonzalez-Rodriguez 2008 , although Polovina et al. (2000 Polovina et al. ( , 2006 found that CNP turtles actively swim against dominant westward flowing geostrophic currents of 0.15 to 0.24 km h -1 , which results in a 50% reduction in their net westward displacement and suggests that CNP turtles expend considerably more energy in swimming than indicated by the travel rates observed here. In contrast, the oceanography of the BCP shelf area is dominated by meanders, eddies, and filaments that result in variable direction of surface currents (Espinosa-Carreon et al. 2004 , Gonzalez-Rodriguez 2008 . These currents in turn cause retention of nutrients, phytoplankton, and zooplankton, including pelagic red crabs (Aurioles-Gamboa 1992, Lavaniegos 1994 , Gonzalez-Rodriguez 2008 . Thus, juvenile turtles foraging in the BCP region could be 'retained' along with their pelagic red crab prey, resulting in reduced energy expended against geostrophic currents in comparison with CNP turtles. In fact, the observed tortuous and circumscribed tracks of turtles at the BCP could result from relatively passive transport of turtles by local currents, suggesting that the observed mean travel rate for BCP turtles could represent some degree of passive transport rather than active swimming and could therefore be an overestimate of energy expenditure by BCP turtles.
Differences in dive behavior may also affect energy expenditure. Howell et al. (2010) reported that CNP juvenile loggerheads spent over 80% of their time within 5 m of the surface, presumably reflecting their consumption of neustonic prey. Comprehensive dive data have not been collected for loggerheads at BCP, but diet composition suggests that they can forage on or near the benthos. If juveniles at BCP spend greater proportions of their foraging time at depth, they may incur higher energetic costs associated with diving relative to juveniles in the CNP.
Field studies of the effects of water temperature on energy budgets of juvenile loggerheads have not been conducted (Wallace & Jones 2008) . The higher water temperatures experienced by turtles at BCP neritic habitats may confer higher metabolic rates (Lutz et al. 1989 , Hochscheid et al. 2004 . But higher water temperature also confers better energy assimilation for ectotherms including enhanced prey detection, prey capture, ingestion, digestion, and absorption of food (Congdon 1989 , Dunham et al. 1989 . Higher water temperatures are reported to be energetically favorable for sea turtles, as long as they do not approach upper thermal limits (Bjorndal 1980) . Thus, the higher water temperatures experienced by turtles foraging at BCP habitats may augment the energetic advantage by increasing food processing and assimilation efficiencies, although this may come at a cost of increased basal metabolic rate.
Alternative foraging strategies
Foraging plasticity associated with habitat choice has been found in a variety of marine turtles, including leatherbacks (Hays et al. 2004 ) and green turtles (Hays et al. 2002 , Reich et al. 2007 . Loggerheads take advantage of both oceanic and neritic habitats as both juveniles (Bolten 2003 , McClellan & Read 2007 and adults (Hatase et al. 2002 , Hawkes et al. 2006 . Thus, it is not surprising that juvenile loggerheads in the North Pacific use different habitats and employ different foraging strategies in doing so.
As such, 2 hypotheses could account for the use of the 2 different regions of the North Pacific by juvenile loggerheads: (1) an ontogenetic habitat shift, or (2) alternative foraging strategies. It is unlikely that the pattern we have documented reflects an ontogenetic shift for 2 reasons: (1) if an ontogenetic shift occurs from CNP oceanic to BCP neritic habitats, a clear segregation in size frequencies would be expected between the 2 habitats, as has been demonstrated from the Atlantic (Bolten 2003) . However, turtles tracked in the CNP and the BCP were not significantly different in size (Table 1) . Thus, the most likely explanation for the use of these 2 habitats is that they represent alternative foraging strategies for North Pacific juvenile loggerheads with juveniles remaining in either the oceanic or neritic habitats for extended periods, perhaps until reaching maturity; (2) fewer than 10 of more than 150 juveniles captured and tracked to date from the CNP (Polovina et al. 2000 (Polovina et al. , 2004 or captive-reared and released from Japan (Polovina et al. 2006 ) moved towards neritic habitats of either Mexico or Japan. Instead, juveniles tracked from the CNP actively maintained their positions in the oceanic habitats of the CNP, leading Polovina et al. (2006) to conclude that 'a significant number of juveniles use pelagic habitat for their entire juvenile phase.' Furthermore, none of the 40 turtles tracked from the neritic habitats of the BCP moved to occupy the oceanic habitats of the CNP, although 5 individuals migrated to or towards Japan, well south of the CNP foraging area (Nichols et al. 2000 ). Thus, we found that North Pacific loggerheads have at least 2 distinct, non-overlapping foraging habitats.
Alternative life history strategies?
Given the apparent energetic advantages of neritic foraging (Table 3) , extended residence by juvenile loggerheads in neritic versus oceanic habitats is likely to produce differential vital rates including growth, age and size at maturity, fecundity, and survivorship. Age and size at maturity are strongly influenced by growth rates and are fundamentally important life history traits due to their effects on fecundity and survival (Stearns 1996) . Growth rates are highly variable in reptiles and other taxa, due in part to resource limitation (Caswell 1983) . Loggerhead turtle growth rates are highly variable across their range, and these differences have been attributed to several factors including quality and quantity of prey as well as foraging habitat (Van Buskirk & Crowder 1994 , Klinger & Musick 1995 , Zug et al. 1995 , Bjorndal et al. 2003 . Snover (2002) found that juvenile loggerheads grew up to 30% faster upon shifting to neritic from oceanic habitats in the Northwest Atlantic, suggesting potential life history advantages for juveniles that forage neritically, a phenomenon apparently borne out in Japanese first-time nesters in which neritic foragers are significantly larger than oceanic foragers (Hatase et al 2010) . Similarly, the energetic advantages enjoyed by juveniles foraging at BCP neritic habitats likely enable them to achieve higher growth rates than those foraging in CNP oceanic habitats.
Demographic implications
All else remaining equal, neritic foraging would seem to be the far better strategy for juvenile loggerheads. But how then could an oceanic juvenile strategy with potentially slower growth rates and later maturity, plus potential associated effects including smaller adult size and lower fecundity (or some combination of these), be maintained? Juveniles maximize their fitness by increasing their probability of survival to reproduction through a balance of optimizing growth rates and minimizing predation risk (Werner & Gilliam 1984 , Mangel & Clark 1986 . In many cases, there are trade-offs in which habitats that afford higher growth rates come with higher predation risk (Lima & Dill 1990 ). Higher predation rates in neritic habitats have been assumed to cause smaller juvenile loggerheads to forego the advantages of neritic foraging until they are large enough to avoid predation (Carr 1987 , Snover 2002 , Bolten 2003 . Predation risk of sharks limits the use of high quality foraging areas by sea turtles in habitats with intact predator communities (Heithaus et al. 2007) , and higher predation rates have been observed in juvenile loggerheads newly arrived to neritic habitats in Australia relative to larger adults (Limpus & Limpus 2003) .
Despite the impression that neritic foraging would be the far better strategy for juvenile loggerheads, the results of our modeling show that the large disadvantage in growth rate expected from the energetically poor oceanic strategy could be offset by only small advantages in survivorship associated with lower predation rates in the oceanic habitat. Our finding is consistent with life history studies showing that survivorship has much higher elasticity than other vital rates across taxa with delayed maturity (Heppell et al. 1999 ). More extreme alternatives in life history strategies persist in populations of salmon and other taxa (Gross 1985) ; though perhaps counterintuitive, our results explaining the persistence of 2 foraging strategies with large differences in resulting energetics should not be surprising.
Our modeling should be interpreted with caution because the parameters of the model were derived from or estimated for the North Atlantic loggerhead population. Assorted life history parameters are known to differ between Atlantic and Pacific populations of loggerheads and other turtles (Van Buskirk & Crowder 1994 , Wallace et al. 2006 , and these differences could affect the magnitude of the effects examined here. Also, our manipulation of the model examined the effects of growth rate on stage duration, but did not factor in the additional advantages to higher growth rates including size at maturity and resulting higher reproductive output expected from neritic foraging. Incorporating the advantages in reproductive output associated with neritic foraging into the model would clearly increase the margin of survivorship advantage required to justify the oceanic strategy.
Conservation implications
Bycatch of juvenile loggerheads was high at the CNP oceanic habitat in high-seas driftnets until they were banned in 1992 (Wetherall et al. 1993) , and bycatch likely continues to be high in high-seas longlines (Lewison et al. 2004 ). However, bycatch is currently considerably higher in the BCP neritic habitats due to small-scale fisheries (Peckham et al. , 2008 . If BCP neritic foraging juveniles realize higher growth rates, size and age at maturity and fecundity (or any one of these), they could have higher reproductive potential and therefore a greater per turtle potential contribution to lambda and population recovery. The question remains as to how growth and survivorship actually vary between the 2 habitats and what is the relative contribution of animals in these 2 environments to the overall population trajectory of loggerheads in the North Pacific Ocean. The higher potential growth and fecundity and the high bycatch mortality rate together imply that conservation efforts directed at mitigating or even eliminating bycatch at the BCP loggerhead foraging high-use area could offer considerable demographic leverage towards recovery of the overall population.
CONCLUSIONS
The fate of juvenile life history stages in sea turtles is an important determinant of population change (Crouse et al. 1987 . As demonstrated here, the interaction of decades-long juvenile stages with ranges that span fundamentally different habitats may produce divergent life history strategies between juveniles of the same population. To evaluate the importance of these alternative life history strategies to population growth in loggerhead turtles, we need to determine juveniles' fidelity to oceanic or neritic habitats and how long they inhabit them. Considered more broadly, our findings suggest that the ecologies of juveniles of other marine megafauna with delayed reproduction may play important roles in determining their population dynamics. Elucidating the juvenile ecologies of marine megafauna is important for understanding their ecology and guiding their management. 
